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PURPOSE: To reduce cost and make compact the size of an envelop by mounting 
a semiconductor device with the bed of a d epressed type frame an d fixedly 
• bonding a different semiconductor thereon, and connecting each device and 
the lead wires for the lead frame with a small-gauge wire based on a bonding 
process. 

CONSTITUTION: A lead wire 3 is ioade of a conductive metal where a sheet 
' body 4 made of the same material is laid out in a position lower than the 
lead wire 3 and a semiconductor, device 2 is mounted on the sheet body 4 made 
of the same materiaL A semiconductor device 9 which is different from the 
semiconductor device 2. i s lapped on the semiconductor device 2 and firmly 
bonded. A small-gauge wire 3 is used to connect both seSconductor devices 
2 and 9, and the semiconductor device 2 with the lead wire electrically* which 
are covered with a resin yaling layer. In this manner, a depressed type lead, 
frame is used so as to control the length of the small-gauge wire d5 during 
a bonding process. This construction makes it possible to reduce cost when 
a plurality of semiconductor devices 2 and 9 are to be installed to the same 
envelope and hence make compact the size of the envelop. 
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SpQcxf ications 

1. Name of Inven^on: Resin-sealed Semiconductor Device 

2. Scope of Patent implication: A resin-sealed 
semiconductor device characterized by being equipped with 

• a lead made of conductive metal ^ 

• a sheet made of the same substance, which is set in a 
position lower than the above-noted lead, 

• a semiconductor element mounted on the above-noted sheet 
of a same substance, 

• a different semiconductor element lapped atop the 
above-noted semiconductor element, 

• fine metal wires making electrical coiinectians between 
both of the above-noted semdconductor elements and 
between the above-noted semiconductor elements and the 
leads, and 

• a resin-sealing layer that covers all of these.* 

3 . Detailed Explanation of Invention 
Purpose of Invention 

Field for Commercial utilizat:ion : This invention bears on a 
method of mounting sem±conductor elements such as integrated 
circuit elements, aixd is particularly suited to packing two 
or more chips in a single package . 

Usual Technology 

Of late, semiconductor devices have constantly imcreasing 
integration, as typified by the D-RAM (dynamic random access 
memory) . As ways to make them, there is the method of 
building onto a semiconductor wafer one or several kinds of 
semiconductor elements selected from a group consisting of 
such circuit components as monolithically passive elements, 
active elements and resistance; or there is the method of 
packaging multiple semiconductor elements within a single 
enclosure and mounted in a multi-chip format; or so-called 
module products also are adopted whereby, as with L compo- 
nents, elements that cannot be built into a semiconductor 
wafer are built in a hybrid format . Also, these generally 
are entirely covered by a sealing resin that protects them 
from the atmosphere outside. 



* [Bullets not coTitained in original text, but added by translator to 
facilitate reading this long sentence,] 
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Again, by making existing semiconductor chip design into 
macrocells, arraying multiple macrocells on the same 
semiconductor wafer and wiring between each macrocell, one 
may have the core-based design or super-integration modes 
that make multiple semiconductor chips into a single chip. 

And yet, to build semiconductor elements monolithically 
multiple electrically separate insular regions are indis- 
pensable- As means for electrical separation, such methods 
are adopted as the diffusion-separation mode and the total 
[word illegible] separation mode to meet the objective. Or, a 
layer of dielectric material is placed between each semi- 
conductor element to insulate them electrically. Again, the 
bottom of each semiconductor chip is made to function as an 
earth line, although the bottom of semdconductors are, of 
course, not used as earth lines in semiconductor chips in 
which [word illegible] -type elements are mounted. For this 
reason, when mounting each semiconductor chip in multi-chip 
modes and hybrid modes, special care is required with 
electrical insulation or grounding between beds. 

In electrically connecting such multiple semiconductor 
elements, one relies on a technique in which pads of 
conductive metal formed on each one are linked by fine metal 
wires through bonding. 

Besides special mounting modes, the usual method is using 
lead frame 1 for a quad flat package (QFP) , seal-out line 
package (SOP), etc., such as shown in Figure 1. I.e., by 
making up a surrounding frame (not in the figure) , single 
semiconductor element 2 is formed as multiple continuous 
mounted units; and with the frsaae as a starting point and 
extending toward the center, multiple leads 3 are formed 
- that are free at one end. Furthermore, the lead frame is 
made up by using other leads to fix a bed mounting the 
semiconductor elements in the frame and placing it on top of 
that on the same plane as the leads. Also the number of 
unit items will determine vdiether or not the lead frame is 
rectangular. As to the makeup of the lead frame itself, 
there of course are other kinds. A so-called depressed lead 
frame also is used in \*^ich the bed is in a lower position 
than the plane vrtiere the leads are positioned. Also, thin 
metal wires 5 are used to electrically connect leads 3 and 
semiconductor elements 2. 

Means for the Invention to Resolve [sic] 

Whether by the monolithic mode or the hybrid mode, making 
multiple semiconductor elements into one chip by the usual 
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techniques cannot but increase their size and drive up 
costs. That is, such difficulties arise as: 
(!) In making the enclosure as large as needed to give 
adequate space for arranging and affixing many semiconductor 
elements to the same bed, the merits of an elongated space 
are lost . 

(2) Further, when one places multiple semiconductor elements 
on the same semiconductor substrate, securing space for the 
wiring region needed to make connections between multiple 
semiconductor elements will increase the area for the 
semiconductor elements. 

(3) Costs increase due to making the enclosure larger. 

(4) From the outset one must have ready the mask for the 
photolithography that makes multiple semiconductor elements . 
monolithically on the same semiconductor siibstrate. 

(5) Developing test programs needed for die sorter tests and 
increasing test time will lower the index. 

This invention is was created because of such situations and 
has the purposes of constraining as much as possible the 
cost increases from mounting multiple semiconductor elements 
within the same enclosure, and of restraining enlargement of 
the enclosure. 

Makeup of Invention 

Means to Resolve Problems: The resin-sealed semiconductor 
device from this invention is characterized by its leads of 
conductive metal, sheets of the same material positioned 
lower than the above-noted leads, semiconductor elements 
mounted on the above-noted sheet of identical material, thin 
electrical wiring making electrical connections between both 
semiconductor elements and between semiconductor elements^ 
and the leads/ and a- sealing layer of resin covering these. 

Effects: By moiinting semiconductor elements in the bed of a 
so-called depressed lead frame and by using the technique of 
affixing other multiple semiconductor elements here and 
bonding thin metal wires between each element and the 
lead-f rame' s leads — i.e., with a three-dimensional array — 
one makes it into a single chip. 

Application Elxanple 

I will explain the application example bearing on this 
invention while referring to Figures 2 through 4. Parts 
identical to those in the usual technology will have the 
former key nxmbers . As in Figure 2, lead frame 1 is made up 
of leads 3 and bed 4; and the flat surface positioning it is 
a so-called depressed type, being lower than the surface of 




JLeads. 3. On these metal surfaces is added a copper cladding 
layer; or this also may be copper and copper alloy. For the 
thin metal wire used in bonding, described later, gold, 
aluminiam and copper or copper alloy can be used. However, 
for the thin metal wire of copper or copper alloy to lead 
frame 1 one naturally uses copper, copper alloy or copper 
clad material. And, the lead frame other than that also is 
partially plated with silver. 

The reason for having chosen a mode for mounting the semi- 
conductor elements three-dimensionally for the resin-sealed 
semiconductor device of this invention is because control, 
for instance, of a servo-motor will be handled, e.g., by a 
micro-computer and a DC-AC converter. I.e., by converting 
digital signals obtained, e.g., from 8-bit micro-computer 2 
to analogue, that will be v*iat controls operation of the 
servo-motor and what positions micro-computer 2's interface 
device 3-dimensionally- 

Due to this, semiconductor elements such as 8-bit micro- 
computer 2 are mounted on bed 4 of lead frame 1. To make it 
stick, one uses the first solder layer and conductive 
adhesive layer 6. Also, as shown in Figures 2 and 3, on its 
top layer one laminates pattern 7 made of a conductive metal 
layer such as aluminxjm or aluminum alloy (Al-Si, Al-Si-Cu) 
so as to function as micro-computer 2's input/output ter- 
minal. Naturally, a sealing resin layer (not shown in the 
figures) is set near the top surface of micro-computer 2 to 
counteract radiation. 

As seen in Figure 2, for the resin-sealed semiconductor^ 
device from this invention one uses a depressed type v*iich 
positions _bed 4 some 1.4 to 2.0mm lower than leads 3 so as 
to adopt the 3-dimensional mounting mode. By adjusting the 
length of thin metal wires 5 during the bonding process, one 
improves productivity. Also, such other semiconductor 
elements as DC-AC converter 9 are attached 3-dimensionally 
to the second solder layer or conductive adhesive layer 8, 
and are installed on the top surface of micro- computer 2. 

Of course, input /output terminals 10 are installed on DC/AC 
converter 9 also, coid ultrasonic bonding or heat -pressure 
bonding is used to affix and laake electrical connections 
between microcomputer 2's input /output terminals and leads 3 
of lead frame 1. 

Since the bottoms of DC/AC converter 9, etc., built onto a 
wafer of monosilicon are to have earth lines, leads 3 serve 
that purpose, as is clear in Figure 3. For this, in using a 
vertical element such as a field-effect transistor as a 
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seiaiconductor element for analogue conversions, one devises 
electrical insulation, as shown in Figure 4, between the. 
said one semiconductor element and another in pattern 7 
formed on micro-computer 2's top surface by making discon- 
tinuity 10 so as to have an electrically floated state. The 
small square parts noted in pattern 7 of Figures 3 and 4 
correspond to contact holes. Also other single semiconduc- 
tor elements are shown in Figures 3 and 4; but these 
naturally are installed in multiples . 

Effectiveness of Invention: To make multiple semiconductor 
elements into a single chip with the usual techniques 
requires masks for all processes starting from the first 
process. By contrast, under this application it is com- 
pleted merely by adding the conductive metal pattern process 
for semiconductor elements which are the supports. So, it 
suffices to make just one new ra^sk only for the process 
using the conductive-metal pattern. This makes it possible 
to greatly shorten the processing despite mounting three 
dimensionally . Also, it has great effectiveness in not 
needing newly developed die-sorter test programs even while 
it does bonding and mounting in the usual manner and so not 
entailing the added costs. 

4 . Sinple Explanation of Figures 

Figure 1 is a cross-sectional diagram showing the mounted 
state of the usual resin-sealed semiconductor device. 
Figure 2 is a cross-sectional diagram showing the mounted 
state of this application's resin-sealed semiconductor 
device. Figures 3 and 4 are top plane diagrams showing the 
mounted state of this application' s resin-sealed 
semiconductor device. 
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